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© Gas turbine with film cooling of turbine vane shrouds. 



© In a gas turbine having an inner shroud portion 
(12) at each of the radially inboard ends of its 
stationary vanes (10) and edges (50) at the circum- 
ferential ends of the shrouds (12) and a circumferen- 
tial gap (44) between adjacent shroud portions with a 
seal strip (34) disposed therebetween and a radial 
barrier (16) extending circumferentially around, and 
projecting inwardly from, the shroud so as to define 
a shroud cavity (24), each of the seal strips (34) has 
two longitudinal edges with sealing surfaces formed 
along said longitudinal edges and residing in slots 
(38) formed in the adjacent inner shrouds (12) so as 
to span the circumferential gap (44); and a plurality 
of intermittent reliefs (42) are formed in each of the 
sealing surfaces for controlled leakage. 
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GAS TURBINE WITH FILM COOLING OF TURBINE VANE SHROUDS 



The present invention generally relates to gas 
turbines. More specifically, the present invention 
relates to an apparatus and method for supplying 
film cooling to the inner shrouds of the turbine 
vanes. 

To achieve maximum power output of the tur- 
bine it is desirable to operate with as high a gas 
temperature as feasible. The gas temperatures of 
modem gas turbines are such that without suffi- 
cient cooling the metal temperature of the flow 
section components would exceed those allowable 
for adequate durability of the components. Hence, 
it is vital that adequate cooling air be supplied to 
such components. Since to be effective such cool- 
ing air must be pressurized, it is typically bled off 
of the compressor discharge airflow thus bypassing 
the combustion process. As a result, the work 
expended in compressing the cooling air is not 
recovered from the combustion and expansion pro- 
cesses. It is, therefore, desirable to minimize the 
use of cooling air to obtain maximum thermody- 
namic efficiency, and the effective use of cooling 
air is a key factor in the advancement of gas 
turbine technology. The present invention concerns 
the supply and control of film cooling air to the 
inner shrouds of the turbine vanes. 

The hot gas flow path of the turbine section of 
a gas turbine is comprised of an annular chamber 
contained within a cylinder and surrounding a cen- 
trally disposed rotating shaft. Inside the annular 
chamber are alternating rows of stationary vanes 
and rotating blades. The vanes and blades in each 
row are arrayed circumferential ly around the an- 
nulus. Each vane is comprised of an airfoil and 
inner and outer shrouds. The airfoil serves to prop- 
erly direct the gas flow to the downstream rotating 
blades. The inner and outer shrouds of each vane 
nearly abut those of the adjacent vane so that, 
when combined over the entire row, the shrouds 
form a short axial section of the gas path annulus. 
However, there is a small circumferential gap be- 
tween each shroud. Generally high pressure air is 
present in the annular cavity formed by the inner 
surface of the inner shrouds. This is so in the first 
vane row because it serves as the entrance to the 
turbine section and hence is immediately connect- 
ed to a plenum chamber containing compressor 
discharge air awaiting introduction into the combus- 
tion system. As a result of this arrangement high 
pressure compressor discharge air fills the cavity 
formed between the inner shrouds of the first row 
vanes and the outer surface of the housing which 
encases the shaft in this vicinity. In the vane rows 
downstream of the first row a somewhat different 
situation exists. To cool the rotating discs of the 



blade rows immediately upstream and downstream 
of the vane, row, cooling air is supplied to the cavity 
formed by the inner shrouds and the faces of the 
adjacent discs. 

5 Leakage of the high pressure air in these cav- 

ities into the hot gas flow results in a loss of 
thermodynamic performance. Hence means are 
employed to restrict such leakage. Since the pres- 
sure of the hot gas flow drops as it traverses 

ro downstream through each succeeding row in the 
turbine, the natural tendency of the high pressure 
air in these cavities is to leak out of the cavity by 
flowing downstream through the axial gap between 
the trailing edge of the inner shroud and the rim of 

75 the adjacent rotating disc. This is prevented by a 
radial barrier extending circumferentially around the 
annular cavity. In the first vane row this barrier 
comprises a support rail, emanating radially inward 
from the inner shroud inner surface, which serves 

20 to support the vane against the housing encasing 
the shaft. Although a hole may be provided in the 
support rail allowing high pressure air to flow 
across it, a containment cover affixed to the inner 
surface of the inner shroud prevents the high pres- 

25 sure air from entering the shroud cavity down- 
stream of the barrier. In rows downstream of the 
first row, the barrier comprises a similar support rail 
to which is affixed an interstage seal. 

A second potential leakage path of the high 

30 pressure air in the shroud cavity is through the 
circumferential gaps between adjacent inner 
shrouds. In the past such leakage has been pre- 
vented by strip seals disposed in slots in the edges 
of the inner shrouds forming the gaps. In earlier 

35 turbine designs leakage past these seals resulted 
in a thin film of cooling air flowing over the outer 
surface of the inner shroud. This film cooling was 
sufficient to prevent overheating of the inner 
shrouds. However, as advances in gas turbine 

40 technology allow increasingly higher hot gas tem- 
peratures, it may be anticipated that the leakage 
past the seals will become insufficient, especially in 
the portion of the shroud downstream of the radial 
barrier, where the pressure of the air, and hence 

45 the leakage rate, is lower. In such advanced tur- 
bines overheating can occur on the first vane row 
in the portion of the inner shroud downstream of 
the radial barrier if adequate cooling is not pro- 
. vided. Since overheating of the shroud will cause 

' so its deterioration through corrosion and cracking, it 
results in the need to replace the vanes more 
frequently, a situation which is costly and renders 
the turbine unavailable for use for substantial 
periods. 

it is therefore desirable to provide an apparatus 
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and method which will achieve adequate film cool- 
ing of the inner shrouds in areas, such as down- 
stream of the radial barrier, where the pressure of 
the air within the shroud cavity is low. 

It is the principal object of the present invention 
to provide an arrangement which insures sufficient 
film coo.ling the portion of the inner shroud not 
supplied with high pressure cooling air in a regu- 
lated manner. 

With this object in view, the present invention 
resides in a gas turbine of the type having a 
turbine cylinder containing alternating arrays of sta- 
tionary vanes and rotor blades, disposed in an 
annular flow path, each of said vanes having a 
radially inboard end, there being an inner shroud 
portion at each of said radially inboard ends; each 
of said inner shrouds having first and second 
edges at its circumferential ends, said edges of 
each pair of adjacent inner shroud portions forming 
a circumferential gap; with a seal strip disposed 
therebetween and a radial barrier extending cir- 
cumferentially around and projecting inwardly from 
said shroud so as to define a shroud cavity, said 
radial barrier restricting the flow of high pressure 
air supplied to said shroud cavity, characterized in 
that each of said sea! strips has two longitudinal 
edges with sealing surfaces formed along said lon- 
gitudinal edges and residing in slots formed in 
adjacent ones of said inner shrouds so as to span 
said circumferential gap; and that a plurality of 
intermittent reliefs are formed in each of said seal- 
ing surfaces, the size and quantity of which being 
selected depending on the leakage flow desired. 

The invention will become more readily appar- 
ent from the following description of a preferred 
embodiment thereof shown, by way of example 
only, in the accompanying drawings, wherein: 

Figure 1 is a longitudinal cross-section of the 
turbine section of a gas turbine; 

Figure 2 shows a portion of the longitudinal 
cross-section of Figure 1 in the vicinity of the first 
row vanes; 

Figure 3 is across-section taken through line 
3-3 of Figure 2 showing the inner shrouds of two 
adjacent vanes; 

Figure 4 is a cross-section of the inner 
shroud taken through line 4-4 of Figure 2; 

Figure 5 is a perspective view of the strip 

seal. 

Referring to the drawings, wherein like numer- 
als represent like elements, there is illustrated in 
Fig. 1 a longitudinal section of the turbine portion 
of a gas turbine, showing the turbine cylinder 48 in 
which are contained alternating rows of stationary 
vanes and rotating blades. The arrows indicate the 
flow of hot gas through the turbine. As shown, the 
first row vanes 1 0 form the inlet to the turbine. Also 
shown are portions of the chamber 32 containing 



the combustion system and the duct 22 which 
directs the flow of hot gas from the combustion 
system to the turbine inlet. Figur 2 shows an 
enlarged view of a portion of the turbine section in 

s the vicinity of the first row vanes 10. As illustrated, 
the invention applies preferably to providing cool- 
ing the first row of shrouds, but is applicable to the 
other rows as well. At the radially outboard end of 
each vane is an outer shroud 1 1 and at the inboard 

jo end is an inner shroud 12. Each inner shroud has 
two approximately axially oriented edges 50 and 
front and rear circumferentially oriented edges. A 
plurality of vanes 10 are arrayed circumferentially 
around the annular flow section of the turbine. The 

75 inner and outer shroud of each vane nearly abut 
those of the adjacent vane so that, when combined 
over the entire row, the shrouds form a short axial 
section of the gas path annulus. However, there are 
small circumferential gaps 44 between the approxi- 

20 mately axially oriented edges 50 of each inner 
shroud and the adjacent inner shrouds, as seen in 
Figure 4. A housing 20 encases the rotating shaft 
in the vicinity of the first row vanes. Support rails 
16 emanating radially inward from each inner 

25 shroud support the vane against this housing. 

High pressure air from the discharge of the 
compressor flows within the chamber 32 prior to its 
introduction into the combustion system. This high 
pressure air flows freely into a shroud cavity 24 

30 formed between the inner surface of inner shrouds 
12 and the shaft housing 20. Rotating blades 28 
are affixed to a rotating disc 30 adjacent to the 
vanes. A gap 46 is formed between the down 
stream edge of the shroud 12 and the face of the 

35 adjacent disc 30. The support rails 16 provide a 
radial barrier to leakage of the high pressure air 
downstream by preventing it from flowing through 
the shroud cavity 24 and into the hot gas flow 
through the gap 46. 

40 Referring to Figures 2-5, it is seen that hot gas 

26 from the combustion system flows over the 
outer surfaces of the inner shrouds. Leakage of the 
high pressure air into this hot gas flow through the 
gaps 44 between shrouds is prevented by means 

45 of strip seals 34 of dumbbell-shaped cross section 
shown in Figures 4 and 5. There is one strip seal 
for each gap, the seal spans the gap and is re- 
tained in the two slots along the edges of adjacent 
shrouds forming the gap. The cylindrical portions 

so 40 of the dumbbell shape run along the two lon- 
gitudinal edges of the seal and reside in the slots 
38. Since the diameter of the cylindrical portions is 
only slightly smaller than the width of the slot they 
provide a sealing surface. 

55 Holes 18 are provided in the support rail 16. 

one hole for each inner shroud. The holes extend 
from the front to the rear face of the rail and are 
equally spaced circumferentially around the rail. A 
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containment cover 14 affixed to the inner surface of 
the inner shroud allows high pressure air to flow 
through these holes in the support rail and into the 
vane airfoil through an opening 15 in the inner 
shroud. The containment cover extends axially 
from the rear face of the support rail to near the 
rear circumferentially oriented edge of the shroud 
and circumferentially it approximately spans the 
two edges forming the gaps, as shown in Figure 3. 

The portion of the shroud cavity 25 down- 
stream of the support rail 16 is not supplied with 
high pressure air from the compressor, as a result 
of being sealed off from chamber 32 by the sup- 
port rail 16. Hence under the prior art approach 
very little cooling air can be expected to leak past 
the strip seal 34 to cool the portion of the inner 
shroud downstream of the support rail. In accor- 
dance with the present invention a means is pro- 
vided for distributing high pressure air to the gap 
downstream of the support rail by providing a plu- 
rality of holes 36 extending from the slots 38 to the 
inner surface of the inner shroud encompassed by 
the containment cover 14 as shown in Figure 4. 
These holes allow the containment cover to act as 
a manifold so that the holes 18 in the support rail 
16 can supply high pressure air to the slots con- 
taining the seal 34. In accordance with another 
feature of the invention, a means is provided for 
regulating and distributing the leakage through the 
seal by providing intermittent reliefs 42 in the cylin- 
drical portions 40 of the seal 34 downstream of the 
radial barrier, as shown in Figure 5, the size and 
quantity of which determine the amount of leakage. 
The amount of leakage flow provided in this man- 
ner can also be controlled by varying the size of 
the holes 18 in the support rail 16. This leakage of 
high pressure air past the seals and through the 
circumferential gap between inner shrouds pro- 
vides a film of air which flows over the outer 
surface of the inner shroud, thereby cooling it. 



Claims 

1. A gas turbine of the type having a turbine 
cylinder (48) containing alternating arrays of sta- 
tionary vanes (10) and rotor blades (28), disposed 
in an annular flow path, each of said vanes (10) 
having a radially inboard end, there being an inner 
shroud portion (12) at each of the radially inboard 
ends; each of said inner shrouds (12) having first 
and second edges (50) at its circumferential ends, 
said edges (50) of each pair of adjacent inner 
shroud portions forming a circumferential gap (44); 
with a seal strip (34) disposed therebetween and a 
radial barrier (16) extending circumferentially ar- 
ound, and projecting inwardly from, said shroud so 
as to define a shroud cavity (24), said radial barrier 



(16) restricting the flow of high pressure air sup- 
plied to said shroud cavity (24). characterized in 
that each of said seaJ strips (34) has two longitudi- 
nal edges with sealing surfaces formed along said 

5 longitudinal edges and residing in slots (38) formed 
in adjacent ones of said inner shrouds (12) so as to 
span said circumferential gap (44); and that a plu- 
rality of intermittent reliefs (42) are formed in each 
of said sealing surfaces, the size and quantity of 

ro which being selected depending on the leakage 
flow desired. 

2. A gas turbine according to claim 1, char- 
acterized in that each of said strip seals (34) com- 
prises a dumbbell-shaped cross-section having cy- 

;s lindricai portions (40), each of said cylindrical por- 
tions (40) extending the^ length of each of said 
seals (34), the diameter of said cylindrical portions 
(40) being ap proximately that of the width of said 
slots (38), thereby forming said sealing surfaces. 

20 3. A gas turbine according to claim 1 or 2, 

characterized in that holes (36) are provided in 
each of said inner shrouds (12) extending from said 
inner surface to said slot (38) in said first edge (50) 
and from said inner surface to said slot (38) in sjaid 

25 second edge (50); and holes (18) in said radial 
barrier (16), extend from said forward to said rear 
face of said barrier (16); and that each of said inner 
shrouds (12) has a manifold (14) providing for 
communication between said holes (18) in said 

30 radial barrier (16) and said holes (36) in its respec- 
tive inner shroud (12). 
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